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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOFK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a small semiconductor
device, such as a device with a chip-scale package, and 1ts
manufacturing method.

2. Description of the Related Art

Semiconductor devices with chip-scale package structures

have been proposed in Japanese Patent Application Publica-
tion Nos. 2003-158217 (paragraphs 0030-0031 and FIGS.

2(a) and 2(b)) and 2005-14286 (paragraphs 0027-0030 and
FIGS. 1(a) to 1(c)).

A problem with these proposed semiconductor devices 1s
that the four corners of each semiconductor chip are partly or
completely formed from hardened resin layers that can easily
be damaged 11 the chip 1s particularly small or thin.

SUMMARY OF THE INVENTION

An object of the present invention 1s to improve the robust-
ness of a semiconductor device, particularly a semiconductor
device with a chip-scale package.

The invented semiconductor device has a substrate includ-
ing semiconductor circuit elements. A wiring layer 1s dis-
posed on the substrate. The wiring layer has a polygonal
planar shape with a plurality of corners, and includes a dielec-
tric sealing layer, a plurality of first electrodes, and a plurality
of second electrodes. The first and second electrodes both
pass through the dielectric sealing layer in its thickness direc-
tion. The first electrodes are electrically connected to the
semiconductor circuit elements. Each of the plurality of cor-
ners 1s formed, throughout the thickness of the wiring layer,
by one of the second electrodes.

The first and second electrodes are preferably formed from
a metal material.

Since the second electrodes are tougher than the dielectric
sealing material, their corners are less likely to be damaged
during handling of the semiconductor device, or when the
semiconductor 1s diced from the wailer 1n which 1t 1s fabri-
cated.

The mvention also provides a method of manufacturing a
semiconductor device comprising:

forming, on a substrate having semiconductor circuit ele-
ments, a dielectric sealing layer and a wiring layer, the wiring,
layer having a plurality of first electrodes passing through the
dielectric sealing layer and connected to the semiconductor
circuit elements, the wiring layer also having a plurality of
second electrodes passing through the dielectric sealing
layer; and

cutting the substrate and the wiring layer into pieces such
that 1n each piece, the wiring layer has a polygonal planar
shape with a plurality of corners, and each of the plurality of
corners 1s formed, throughout the thickness of the wiring
layer, by one of the second electrodes.

In this method, the plurality of second electrodes forming
the plurality of corners may have mutually 1dentical shapes.

One of the plurality of second electrodes forming the plu-
rality of corners may have a different shape from another one
of the plurality of second electrodes forming the plurality of
corners.

The substrate may be a water on which the semiconductor
circuit elements and a dielectric layer are formed.
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Forming the wiring layer may comprise:

forming the first and second electrodes by forming first and
second redistribution wiring on the substrate, forming first
posts on the first redistribution wiring to form the first elec-
trodes, and forming second posts on the second redistribution
wiring to form the second electrodes;

forming the dielectric sealing layer so as to cover the first
and second electrodes; and

exposing the first and second electrodes by partially
removing the dielectric sealing layer.

The first and second electrodes may be formed from mutu-
ally 1dentical metal materials.

The first and second electrodes may be formed from cop-
per.

The second electrodes may be electrically disconnected
from the semiconductor circuit elements.

The second electrodes may 1nclude parts that project into
the dielectric sealing layer to lock the second electrodes to the
dielectric sealing layer.

Said parts of the second electrodes may have a tapered
shape with a base and a projecting end, the projecting end
being narrower than the base.

BRIEF DESCRIPTION OF THE DRAWINGS

In the attached drawings:

FIG. 1 1s a schematic plan view and

FIG. 2 1s schematic side view of a semiconductor device
according to a first embodiment of the invention;

FIGS. 3 to 6 are schematic sectional views 1illustrating a
method of manufacturing the semiconductor device 1n the
first embodiment;

FIG. 7 1s a schematic plan view of the semiconductor
device 1n FIG. 5, before dicing;

FIG. 8 1s a schematic plan view illustrating the dicing
positions shown in FIG. 6;

FIG. 9 15 a schematic plan view and FIG. 10 1s schematic
side view of a semiconductor device according to a second
embodiment of the invention;

FIGS. 11 to 14 are schematic sectional views 1llustrating a
method of manufacturing the semiconductor device in the
second embodiment;

FIG. 15 1s a schematic plan view of the semiconductor
device 1n FIG. 13, before dicing;

FIG. 16 a schematic plan view illustrating the dicing posi-
tions shown in FIG. 14; and

FIGS. 17 and 18 are schematic plan views illustrating

variations ol the semiconductor device according to the sec-
ond embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Semiconductor devices of the chip-scale package type
embodying the invention will now be described with refer-
ence to the attached drawings, in which like elements are
indicated by like reference characters.

First Embodiment

The first embodiment, shown in plan view 11 FIG. 1 and 1n
sectional view 1n FIG. 2, 1s a semiconductor device or chip
including a substrate 10, a wiring layer 20, and metal bumps
30. The wiring layer 20 includes metal first redistribution
parts 21, first posts 22, second redistribution parts 23, and
second posts 24, and a dielectric sealing layer 25. Together,
the substrate 10 and wiring layer 20 form a chip-scale pack-
age with bumps 30 on 1ts surface. The first posts 22 extend
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from bumps 30 through the dielectric sealing layer 25 to the
first redistribution parts 21, which are electrically connected
to semiconductor circuit elements formed 1n the substrate 10.
The second posts 24 are positioned 1n the wiring layer 20 at
the four corners of the semiconductor device.

Next, a method of manufacturing a plurality of semicon-
ductor devices with chip-scale packages of this type from a
semiconductor water will be described.

Referring to FIG. 3, semiconductor circuit elements (not
shown) and metal interconnection wiring (not shown) are
formed 1n and on the watfer 11, and the water 11 1s covered by
a dielectric layer 12 of a resin material such as polyimide to
form a substrate 10. The substrate 10 shown 1n FIG. 2 1s part
of the substrate 10 in FIG. 3.

Referring to FIG. 4, the first redistribution parts 21 and the
second redistribution parts 23 are formed on the substrate 10.
The first redistribution parts 21 are electrically connected to
the semiconductor circuit elements formed in the water 11.
The second redistribution parts 23 are electrically discon-
nected from the semiconductor circuit elements formed 1n the
waler 11. The second redistribution parts 23 are formed at
positions that will become the four corners of the semicon-
ductor devices after dicing. The first and second redistribution
parts 21, 23 are formed 1n the same process from a layer of a
metal such as copper. Alternatively, the first redistribution
parts 21 and second redistribution parts 23 may be formed in
succession 1n different processes.

Referring to FIG. 4, the first posts 22 are formed on the first
redistribution parts 21, and the second posts 24 are formed on
the second redistribution parts 23. The first and second posts
22, 24 are formed 1n the same process from a layer of a metal
such as copper. Alternatively, the first posts 22 and the second
posts 24 may be formed 1n different processes. The first
redistribution parts 21, first posts 22, second redistribution
parts 23, and second posts 24 may all be formed from the
same type ol metal and may all be formed by, for example, an
clectroplating process. The first posts 22 are electrically con-
nected to the semiconductor circuit elements formed in the
waler 11 via the first redistribution parts 21. The second posts
24 are not electrically connected to the semiconductor circuit
clements formed 1n the water 11.

The dielectric sealing layer 25 1s formed from a resin
material such as polyimide so as to cover the first redistribu-
tion parts 21, first posts 22, second redistribution parts 23 and
second posts 24; then the upper surface of the dielectric
sealing layer 25 1s removed by a type of cutting process to
expose the upper surfaces of the first and second posts 22, 24
as shown 1n FIG. 5. This process also trims the upper surfaces
of the first and second posts 22, 24, so that they are level with
the upper surface of the dielectric sealing layer 25. The result
1s that first electrodes, comprising the first redistribution parts
21 and first posts 22, extend through the dielectric sealing
layer 25 1n 1ts thickness direction, and second electrodes,
comprising the second redistribution parts 23 and second
posts 24, also extend through the dielectric sealing layer 25 in
its thickness direction.

Referring to FIG. 5, bumps 30 are mounted on the upper
surfaces of the first posts 22 as electrodes for external con-
nections. FIG. 7 shows a plan view corresponding to FIG. S.
Although FIG. 7 shows an arrangement 1n which four second
posts 24 surround a group of six bumps 30 arranged in three
rows and two columns, the number and arrangement of the
first posts 22, that 1s, the bumps 30, and the arrangement of the
second posts 24 are not limited to the example shown 1n FIG.
7.

Referring to FIGS. 6 and 8, the substrate 10 and the wiring
layer 20 are cut along lines marked ‘CUT” that intersect at the
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second electrodes, so that at each cormer of each resulting
semiconductor device, the wiring layer 20 1s formed by a
remaining part of a second electrode (second redistribution
part 23 and second post 24). The cutting process 1s a dicing
process performed using a dicing blade.

The above process forms a plurality of semiconductor
devices or chips of the type shown 1 FIGS. 1 and 2, each
having a polygonal (rectangular) shape. The first electrodes
(the first redistribution parts 21 and first posts 22) and the
semiconductor circuit elements and interconnection wiring
formed in the substrate 10 constitute an integrated circuit. The
second electrodes, comprising the second redistribution parts
23 and second posts 24, are dummy electrodes; they are not
connected to the semiconductor circuit elements formed 1n
the substrate 10 and do not function as part of the integrated
circuit. Instead, their function 1s to reinforce the four corners
of the chip.

The chip shape 1s not limited to the rectangular shape
shown 1n FIG. 1; square shapes and other polygonal shapes
are also possible.

In the first embodiment, the second electrode, more spe-
cifically the second post 24, has the same shape at each corner.
For arectangular or square semiconductor device this shapeis
a fanlike shape constituting substantially one-quarter of a
circular disc.

As described above, 1n the first embodiment, since the
substrate 10 and the wiring layer 20 are diced along lines that
intersect at the second electrodes (the second redistribution
parts 23 and second posts 24), 1n the four corners of each
semiconductor device, the cut surfaces of the second elec-
trodes (the second redistribution parts 23 and the second posts
24) are exposed. As shown in FIGS. 1 and 2, accordingly, each
of the four corners of the semiconductor device presents a
tough metal surface, instead of a more brittle resin surface, for
the full thickness of the wiring layer 20. Conventional semi-
conductor devices with chip-scale packages are particularly
vulnerable to impact damage at their corners, and such dam-
age can easily lead to electrical malfunctions. In the first
embodiment, the second electrodes protect the corners by
acting as bumpers that absorb the effect of external impact.
The semiconductor devices formed 1n the first embodiment
can survive external impacts that would chip, crack, or oth-
erwise damage the dielectric sealing layer of a conventional
semiconductor device, so they are more reliable and less
likely to malfunction than conventional semiconductor
devices.

Second Embodiment

Referring to FIGS. 9 and 10, the second embodiment 1s
similar to the first embodiment except for the shapes of the
second electrodes at the four corners of the semiconductor
device.

The semiconductor device 1n the second embodiment 1s
tabricated by the steps illustrated 1n FI1GS. 11,12, 13, and 14.
These steps are similar to the steps shown in FIGS. 3,4, 5, and
6 1n the first embodiment, so a detailed description will be
omitted. FIG. 15 shows a plan view corresponding to F1G. 13,
which 1s a section through S, _-S, 1 FIG. 15. FIG. 16 shows
a plan view corresponding to FIG. 14, which 1s a section
through S, ~S, ,1n FIG. 16.

Referring to FIGS. 15, 16, and 9, the difference between
the second and first embodiments 1s that the shapes of the
second posts 24a 1n the second embodiment differ from the
shapes of the second posts 24 in the first embodiment. In the
second embodiment, as shown 1n FI1G. 135, each of the parts of
the second posts 24a exposed on the surface of the dielectric
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sealing layer 25 has a shape constituting substantially three-
quarters of a circular disc and one quarter of a square, instead
of being fully circular. Accordingly, after the substrate 10 and
a wiring layer 20a are diced along lines marked ‘CUT” 1n FIG.
16, at a single corner of each resulting semiconductor device,
the remaining part of the second post 24a has a rectangular
shape, while the remaining parts of the second posts 24a at the
other three corners have fanlike shapes, as shown 1n FI1G. 9.

Accordingly, when the semiconductor devices in the sec-
ond embodiment are viewed from above, one corner of each
device 1s 1dentified by having a rectangular second electrode,
more specifically a rectangular second post 24a, while the
second electrodes (second posts 24a) at the other three cor-
ners have fanlike shapes constituting substantially one-quar-
ter of circular disc, as shown 1n FIG. 9.

The manufacturing process in the second embodiment
forms a plurality of semiconductor devices or chips of the
type shown in FIGS. 9 and 10, each having a polygonal
(rectangular) shape. As in the first embodiment, the first elec-
trodes (the first redistribution parts 21 and first posts 22) and
the semiconductor circuit elements and interconnection wir-
ing formed 1n the substrate 10 constitute an integrated circuit
while the second electrodes, comprising the second redistri-
bution parts 23 and second posts 24a, are dummy electrodes
that reinforce the four corners of the chip but are not con-
nected to the semiconductor circuit elements formed in the
substrate 10 and do not function as part of the integrated
circuit.

The chip shape 1s not limited to the rectangular shape
shown 1n FIG. 9; square shapes and other polygonal shapes
are also possible.

In the second embodiment, as 1in the first embodiment,
since the substrate 10 and the wiring layer 20a are diced along
lines that intersect at the second electrodes (the second redis-
tribution parts 23 and the second posts 24a), in the four
corners of each semiconductor device, the cut surtaces of the
second electrodes (the second redistribution parts 23 and the
second posts 24a) are exposed. As shown 1 FIGS. 9 and 10,
accordingly, each of the four comers of the semiconductor
device presents a tough metal surface, instead of a more brittle
resin surface, for the full thickness of the wiring layer 20a.
The second electrodes protect the cormners by acting as
bumpers that absorb the effect of external impact. Like the
semiconductor devices formed 1n the first embodiment, the
semiconductor devices formed in the second embodiment
have enhanced reliability, and are therefore less likely to
malfunction, because they can survive external impacts that
would chip, crack, or otherwise damage the dielectric sealing,
layer of a conventional semiconductor device.

In a conventional semiconductor device with a chip-scale
package, one corner or side of the semiconductor chip 1s
identified by a seal aflixed to the lower surface of the device,
to ensure that the chip 1s mounted 1n the correct orientation
and that the correct external connections are made. In the
second embodiment, the correct orientation 1s i1dentifiable
from the rectangular second post 24a at one corner of the chip,
s0 no seal has to be aflixed. This 1s a significant advantage for
a small semiconductor device with a chip-scale package 1n
which area available for seal attachment 1s severely limited.

In a variation of the second embodiment, shownin FIG. 17,
the semiconductor device has rectangular second posts 245 at

three corners and a fan-shaped second post 245 at one corner.
This also 1dentifies the orientation of the device.

In another variation of the second embodiment, shown 1n
FIG. 18, the second posts 24¢ have parts that lock 1nto the
dielectric sealing layer 235 to prevent the second posts 24c¢
from separating from the dielectric sealing layer 25. Each of
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these parts has, for example, an inverted taper shape that
projects mnto the dielectric sealing layer 25 but 1s narrower at
the base than at the projecting end. These projections grip the
dielectric sealing layer 25 1n such a way that the second posts
24¢ cannot fall out. In the semiconductor device in FIG. 18,
one second post 24¢ has a single mverted-taper projection,
and the other three second posts 24¢ have two inverted-taper

projections. The projections thereby 1dentily the orientation
of the device, as well as keeping the second posts 24¢ securely
attached.

Similar effects are obtained 1f one of the second posts 24¢
has two mverted-taper projections and three of the second
posts 24¢ have only one inverted-taper projection.

More generally, the orientation of any chip-scale package
can be 1dentified by any scheme 1n which the second post at

one corner has a umique shape. For a non-square rectangular
package, the orientation can be 1dentified 1f the second posts

at two mutually adjacent corners have one shape and the
second posts at the other two corners have another shape.
Those skilled 1n the art will recognize that further varia-

tions are possible within the scope of the invention, which 1s
defined 1n the appended claims.

What is claimed 1s:
1. A semiconductor device comprising:

a substrate with semiconductor circuit elements formed
therein; and

a wiring layer disposed on the substrate and having a
polygonal planar shape with a plurality of corners, the
wiring layer including;

a dielectric sealing layer disposed on the substrate;

a plurality of first electrodes passing through the dielectric
sealing layer 1n 1ts thickness direction and connected to
the semiconductor circuit elements; and

a plurality of second electrodes, each of the second elec-
trodes being disposed on corner side surfaces of each of
the respective corners of the dielectric sealing layer so
that each of the second electrodes 1s exposed at the
corner side surfaces along a thickness of the second
electrodes,

wherein each of the plurality of corners of the wiring layer
1s formed throughout the thickness of the wiring layer by
one of the second electrodes.

2. The semiconductor device of claim 1, wherein the plu-
rality of second electrodes forming the plurality of corners
have mutually identical shapes.

3. The semiconductor device of claim 1, wherein one ofthe
plurality of second electrodes forming the plurality of corners
has a different shape from another one of the plurality of
second electrodes forming the plurality of corners.

4. The semiconductor device of claim 1, wherein the sub-
strate 1s cut from a wafer on which the semiconductor circuit
clements and a dielectric layer are formed.

5. The semiconductor device of claim 1, wherein the
dielectric sealing layer 1s a resin layer.

6. The semiconductor device of claim 1, wherein each of
the first electrodes includes:

a first redistribution part formed on the substrate; and

a first post disposed on the first redistribution part.

7. The semiconductor device of claim 1, wherein each of
the second electrodes includes:

a second redistribution part formed on the substrate; and
a second post disposed on the second redistribution part.

8. The semiconductor device of claim 1, wherein the first
and second electrodes are formed from mutually 1dentical
metal materials.
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9. The semiconductor device of claim 1, wherein the first 12. The semiconductor device of claim 11, wherein said
and second electrodes are formed from copper. parts of the second electrodes have a tapered shape with a base

10. The semiconductor device of claim 1, wherein the and a projecting end, the projecting end being narrower than
second electrodes are electrically disconnected from the the base.
semiconductor circuit elements. 5 13. The semiconductor device of claim 1, wherein each of

11. The semiconductor device of claim 1, wherein the the second electrodes are exposed along their entire thickness
second electrodes include parts that project into the dielectric at the corner side surfaces.

sealing layer to lock the second electrodes to the dielectric
sealing layer. I
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